A comprehensive EPR and optical studies of pure MgFe 2 O 4 and ZnO nanoparticles and MgFe 2 O 4 -ZnO nanocomposite have been done in order to explore its future possibilities of applications. Pure MgFe 2 O 4 and ZnO nanoparticles have been synthesized using Sol-Gel method. MgFe 2 O 4 -ZnO nanocomposite has been prepared using water dispersed pure MgFe 2 O 4 nano seeds (previously synthesized) by ultrasonication. Effect of introducing zinc oxide in pure MgFe 2 O 4 nanomatrix on structural properties was investigated using X-ray diffraction and transmission electron microscopy techniques. They confirm the cubic spinel structure of both pure and ZnO imbedded MgFe 2 O 4 samples. UV-Visible and photoluminescence spectra show that the band gap of composite is tuned and more useful for photocatalytic applications. FTIR spectra indicate the presence of absorption bands in the range 390-561 cm −1 , which is a common feature of spinel ferrite. The energy dispersive spectroscopy analysis confirms the composition of specimen. Further, the investigation of electronic and magnetic properties of the powdered samples is done using electron paramagnetic resonance spectroscopy. Change in g value, peak-to-peak line width (H pp ), resonance field (H r ) and spin-spin relaxation time (T 2 ) give useful information.
Introduction
Nanocomposite (NC) materials attracted new scientific minds due to increase in demand of low cost energy, pollution free environment and well being of all creatures. NCs show more utility than its individual components [1] [2] [3] . MgFe 2 O 4 , a spinal ferrite, belongs to the category of soft magnetic n-type semiconductor material. In MgFe 2 O 4 system Mg 2+ and Fe 3+ ions are either at tetrahedral or octahedral interstitial site and oxygen atoms forms the close packed face-centered cubic structure. These special features made them useful for potential applications such as in sensors, catalysts, ferrofluids, magnetic refrigeration systems, drug delivery and targeting, heat transfer applications, enzyme immobilization, magnetic cell separation, electromagnetic interference devices and in other biological applications [4] [5] [6] [7] [8] . In Mg-ferrite, the magnetization arises from the antiparallel alignment of Fe 3+ at tetrahedral and octahedral sites. Therefore the magnetic properties depend on distribution of cations, which in turn depends on the method of synthesis and processing conditions [9, 10] . Several groups have investigated the physical and chemical properties of MgFe 2 O 4 NPs synthesized by different methods, such as, mechano-chemical route, high energy ball milling, coprecipitation method, micro emulsion, and sol-gel process [11] [12] [13] [14] [15] . But, the study of its composite with a semiconducting material is not so common. Here we have done optical and EPR studies of the pure and ZnO imbedded MgFe 2 O 4 nanocrystals.
We choose ZnO as the constituent part of our nanocomposite (NC) because; ZnO is a very gifted material for semiconductor device applications [16] [17] [18] . In addition to a wide direct band gap near-UV spectral region and a huge free exciton binding energy [19] [20] [21] , this important semiconducting material exhibits other interesting properties like photo catalysis and gas sensitivity etc. [22] [23] [24] . Its properties have been studied since the early days of semiconductor electronics. ZnO shows wurtzite structure and useful optical properties which become more fruitful when it is combined with MgFe 2 O 4 to make composite [13, 25] . In the vast application of nanomaterials, the sizes of magnetic and electronic devices are reduced greatly in the recent years. Spinel ferrite nanomaterials are regarded as one of the most important inorganic nanomaterials because of their improved electronic, magnetic, and catalytic properties [26] [27] [28] . The introduction of ZnO in the spinel structure alters the distribution of ions in both tetrahedral and octahedral sites and leads to variations in magnetic and electronic properties [29] . And also, as the blocking temperature, saturation magnetization, and coercivity are clearly size dependent, the particle size is an important factor to control the property of ferrite nanoparticles (NPs) [30] . High electrical resistance and lower saturation magnetization makes them suitable for magnetic and magneto-optical applications. These ferromagnetic NPs have potential applications in modern technology such as magneto hydrodynamics, high density magnetic recording, magnetic drug delivery optical filters, solar cell and sensors [31, 32] . This paper gives a broad insight on structural and optical behavior of the synthesized NC. The VSM and other electronic studies have been found in earlier works but, EPR study of such NCs is rarely found [33, 34] . This study gives a comprehensive discussion on EPR of MgFe 2 O 4 NPs and MgFe 2 O 4 -ZnONC. This paper is interesting because it gives systematic experimental study on the response of MgFe 2 O 4 and introduction of ZnO to it attaining a deeper understanding of NC materials based on ferrite. Furthermore, in this work the theoretical studies for energy gap and band structure as well as crystal field parameters are not presented. This theoretical study will be undertaken in near future.
Experimental details
The chemical reagents magnesium chloride (MgCl 2 ·6H 2 O), anhydrous ferric chloride (FeCl 3 ), sodium hydroxide (NaOH), ethanol, zinc acetate (Zn(CH 3 COO) 2 ·2H 2 O), potassium hydroxide (KOH) are of analytical grade and were used without further purification.
Syntheses of pure MgFe 2 O 4 and ZnO nanoparticles
Magnesium ferrite (MgFe 2 O 4 ) NPs are prepared by sol-gel method. 100 ml 0.3 M solution of anhydrous ferric chloride was added dropwise to the 100 ml 0.1 M solution of magnesium chloride. The neutralization is carried out with 2 M sodium hydroxide solution and the reaction temperature is maintained at 60 °C. The pH of the solution is maintained at 8 and stirred for 2 h. Then product is dried at a temperature of 100 °C to remove the water contents. The dried powder is crushed homogeneously and annealed at 600 °C for 3 h.
For the preparation of pure ZnO NPs, 100 ml 0.4 M solution of potassium hydroxide was added dropwise to 100 ml 0.2 M solution of zinc acetate under vigorous stirring. The temperature was maintained at 57 °C a white precipitate formed was washed with distilled water and ethanol several times. Precipitate was dried, crushed and then annealed at 500 °C for 2 h. The precipitate is thoroughly washed with distilled water until it is free from impurities. The product is dried at a temperature of 100 °C to remove the water contents. The dried powder is crushed homogeneously and annealed at 600 °C for 3 h.
Synthesis of

Characterization
X-ray diffraction (XRD) was performed on RigakuD/max-2200PC diffractometer operated at 40 kV/20 mA, using CuKα1 radiation with wavelength 1.54 Å in wide angle range and the spectra were used to determine the crystallite size and phase. The structural and morphological analysis of pure MgFe 2 O 4 and ZnO NPs and MgFe 2 O 4 -ZnO NC were done by transmission electron microscopy (TEM) images and selected area energy dispersion (SAED) patterns using PHILIPS CM 200 operating at 20-200 kV. Energy dispersive spectroscopy (EDS) spectra were recorded on the Scanning Electron Microscope of JEOL (JSM 6490 LV). UV/ Visible absorption spectra were recorded on a Unicam-5625 spectrophotometer using sample in distilled water, which were used to determine the direct energy band gap. Photoluminescence (PL) spectra of pure MgFe 2 O 4 and ZnO nanoparticles and MgFe 2 O 4 -ZnO nanocomposite were recorded at room temperature on Perkin Elmer LS55 Luminescence spectrophotometer with excitation wavelength 360 nm. Fourier transform infra-red (FTIR) spectra for pure MgFe 2 O 4 and ZnO NPs and MgFe 2 O 4 -ZnO NC were recorded at room temperature using ABB BOMFM FTIR 3000 spectrophotometer. Electron paramagnetic resonance (EPR) spectra were recorded on JSE-FA200 ESR Spectrometer at the frequency 9.44 GHz, sensitivity: 7 × 109 spins/0.1 mT, resolution: 2.35(micro)T or better at room temperature with 100 kHz field modulation. These EPR spectra were used to discuss the electronic and magnetic properties. Figure 1 (002), (101), (102) (110), (103) and (112) planes of ZnO which satisfy JCPDS card no. 79-0208, and the MgFe 2 O 4 peaks observed at 35.5°, 54.0°, 62.4° with some additional peaks at 33.0° and 49.3°. The broad XRD peaks stipulate the formation of nanosized particles. The crystallite size has been calculated using Scherrer equation [35] where β is FWHM (full width at half maximum) in radian, θ is peak position and λ is wavelength of X-ray. [13] .
3 3 Result and discussion
XRD analysis
Pure ZnO is hexagonal thus, its lattice parameters a and c are calculated using formula:
The values of parameters obtained are a = 3.2676 Å, b = 5.2706 Å which is comparable to values reported by others [36] , whereas that of its composite counterpart are a = 3.2772 Å, c = 5.2401 Å. shows broad diffuse SAED patterns enlightening a system of spots which form concentric rings corresponding to diffraction from various atomic planes. Comparing the SAED pattern of pure and composite samples it is observed that the composite sample is more crystalline in nature, thus is more useful [38] . As in the XRD of NC more peaks corresponding to ZnO are observed, in SAED of NC more planes of ZnO as compared to MgFe 2 O 4 are observed.
TEM analysis
Each spot corresponds to reflection from a single crystal particle of specific orientation. The presence of single crystals of various orientations leads to the formation of rings of spots. 
EDS and SEM analysis
The (EDS) spectra of pure MgFe 2 O 4 , MgFe 2 O 4 -ZnO nanocrystals are shown in Fig. 3a respectively, 
UV-Visible analysis
UV-Vis absorption spectra of the samples were recorded in the wavelength range 325-900 nm, and are presented in Fig. 4a . A broad band with peak at 420 nm was obtained in the UV-Vis spectra of pure ZnO NPs which is the characteristic band for wurtzite hexagonal phase of pure ZnO. The spectra of pure MgFe 2 O 4 sample show broad band peak at 405 nm. UV-Vis spectra of MgFe 2 O 4 -ZnO NC show a significant shift of peak from pure counterparts with a broad peak appearing at 380 nm. The fundamental absorption edge (FAE) decreases with the addition of ZnO in the pure MgFe 2 O 4 NPs. This shift in the band edge energy is ascribed to the distortion of the band by lattice interaction [39] . The direct optical band gap energies can be obtained using Tauc relation [40, 41] where A is a constant, E g is the band gap energy of the materials, h is the Planck's constant, ν is the frequency and exponent n depends on the type of transition. For direct allowed transition n =1/2, indirect allowed transition n =2, direct forbidden transition n = 3/2 and forbidden indirect transition n =3. A graph (αhν) 2 vs. E(= hν) was plotted, as shown in Fig. 4b , to calculate the band gap energies of the samples. From the linear part of the curve, optical band gap E g for each curve comes out to be 1.81 eV, 3.14 eV and 2.17 eV for pure MgFe 2 O 4 and ZnO NPs and MgFe 2 O 4 -ZnO NC, respectively. In this case ZnO belongs to the group of direct band gap semiconductor. Also, in case of pure MgFe 2 O 4 , a linear relation obtained for n = 1/2 indicates that MgFe 2 O 4 behaves as a direct semiconductor and therefore the same method could be used to estimate the band gap of NC. The band gap of pure MgFe 2 O 4 NPs is significantly lower and to tune it a high band gap material (ZnO NPs) is used to make NC.
Indirect energy band gap can also be determined using Tauc relation with n =2. Values of indirect energy band gaps are found using Fig. 4c as 0.77 eV, 0.80 eV and 0.79 eV for pure MgFe 2 O 4 and ZnO NPs and MgFe 2 O 4 -ZnO NC, respectively which are nearly constant [42] . 
PL analysis
All PL spectra show multiple peaks in the range 400-560 nm. A fine Gaussian distribution fit to the experimental PL data is found for all the peaks.
The most intense peak for MgFe 2 O 4 -ZnO NC occurs at 417 nm and peaks for the pure samples is also observed at 417 but, the intensity of the composite sample is much higher than the pure counterparts for the same volume% of samples.
PL spectra show blue emission peak at 417 nm and a green emission peak at 545 nm for all the three samples and some more blue emission peaks at 460 nm and 486 nm for NC Fig. 5a -c. The broad blue emission are possibly due to surface defects in ZnO, MgFe 2 O 4 and NC such as oxygen vacancies and zinc interstitial sites which are significantly large in composite sample. Green emission is more prominent in NC which may be due to complex defects involving transition from Zn interstitial sites to the deep accepter levels of oxygen vacancies present in the ferrite species of NC. The origin of green emission may also be explained as radiative recombination of a photo generated hole and an electron occupying oxygen vacancy [43] .
FTIR analysis
FTIR spectroscopy is a powerful tool for the analysis of cation distribution and provides more detailed information about the superstructure of ferrite [44] . FTIR spectra for pure MgFe 2 O 4 and ZnO NPs and MgFe 2 O 4 -ZnO NC at room temperature are shown in Fig. 6 . FTIR spectrum analysis helps to confirm the spinel structure of ferrites. and 2600 cm −1 in the spectrum of the NC is caused by O-H stretching vibrations from water and hydroxyl groups [14, 28, 45] . But, here we get a strong broad line which is assigned to the transition M s = + 1/2 → − 1/2, no lines corresponding to other transitions (M s = ± 5/2↔ ± 3/2, M s = ± 3/2↔ ± 1/2) observed. The absence of hyperfine lines may be due to internal strain [35, 46] . The spin Hamiltonian to explain the EPR spectra is given by: where µ B is the Bohr magneton, B is the applied magnetic field, g is the electron spectroscopic splitting factor and a is the fourth-rank cubic field splitting parameter, D is the second-rank axial zero-field splitting parameter. The first term gives the Zeeman interaction with isotropic g. The second term is the cubic-field splitting and the third term is the zero field splitting term. In the study EPR spectra of pure and ZnO infused MgFe 2 O 4 at room temperature, experimental result is matched with the EasySpin simulated one. Table 1. EPR spectra are characterized by peak to peak line width, resonant magnetic field and g factor. The broad signal at g = 2.0 and g = 2.008 in the EPR spectra of pure MgFe 2 O 4 and MgFe 2 O 4 -ZnO NC is attributed to the presence of Fe EPR parameters g value, peak-to-peak line width (H pp ), resonant field (H r ), and spin-spin relaxation time (T 2 ) were calculated and displayed in Table 2 . The g value is calculated by the equation:
where υ is the microwave frequency, H r is the resonance field and β is the Bohr magneton.
The spin-spin relaxation time is determined from the following relations:
where H 1/2 is the line width at half of the absorption peak. The g value gives information regarding the molecular motion, the paramagnetic properties, and the symmetry of ions.
Magnetic dipolar interactions and superexchange interactions play important role in determining the linewidth and g value. Weak superexchange interactions decrease g-value, while strong dipolar interactions give a large linewidth. As the superexchange interactions decrease when distance between magnetic ions and oxygen ions increases. In case of MgFe 2 O 4 -ZnO NC distance between the magnetic ions and oxygen ions increased due to introduction of ZnO NPs in the MgFe 2 O 4 nanosystem, which weakens the super exchange interaction slightly resulting decrease in g value from 2.0988 to 2.0306. Spin-spin relaxation time (T 2 ) also decreased after incorporating ZnO NPs in MgFe 2 O 4 nanosystem as the average particle size reduced. ΔH pp increased from 321 to 536 G and resonance field of pure MgFe 2 O 4 increased slightly from 3214 to 3322 G this may be attributed to increase in magnetic dipolar interaction [47] .
Conclusion
Both MgFe 2 O 4 NPs with spinel cubic structure and ZnO NPs with wurtzite hexagonal structure have distinguished properties but when they combine to form a NC it exhibits a unique set of properties and capabilities which includes high tunability of band gap, more crystallinity in structure
and high photo response. Optical studies of NC elaborate the tunability of its band gap and enhanced photoactivity. The comprehensive EPR study throws light on specific electronic and magnetic properties of the MgFe 2 O 4 -ZnO NC. 
